This article proposes the
Introduction
Meiotic chromosome recombination and segregation during the sexual reproduction cycle are known to constitute an important approach for plants to increase genetic variation and facilitate adaptation (Bai, 2015) . It is also known that somatic mutation sometimes causes disease in humans (Watson et al., 2013) . However, much less is known about how variation of the somatic genome affects the growth and performance of organisms in agriculture. Plants derived from vegetative (somatic) propagation are often assumed to be identical in their genome (unless gene mutation occurs), regardless of which explants and propagation methods were used and whether the crop is sexually reproduced or vegetatively propagated. In reality, plants derived from different propagation methods often perform differently in terms of growth (which is often assumed to be physiological or epigenetic) and are sometimes found to be different in terms of their rate and extent of mutation (Li et al., 1985) . Genetic and genomic research has discovered that plant genomes have both developmental and environmental variations that have implications for plant performance and propagationassociated outcomes. The variation of the somatic genome in nature is the scientific basis for most somatic breeding technologies, including Agrobacterium-mediated genetic transformation, tissue-culture-induced variation, graftinduced genetic variation, and cell fusion, even though the frequency of variation is artificially enhanced and the outcome is artificially engineered. This article proposes the concept of genome network, describes somatic genome variation (SGV) at different levels, reviews the implications of SGV for agriculture, and suggests how SGV can be used or minimized in agriculture.
Genome network, somatic genome, and somatic genome network Traditionally, the term "genome" usually means the sum total of the nuclear chromosomes. However, in the reality of biology, all the genetic materials in a cell constitute the "genome network" (or genome system) of the cell and jointly determine the phenotype of the cell. Certain algae such as the chlorarachniophyte Bigelowiella natans also have an endosymbiont that has a chloroplast and a remnant eukaryotic endosymbiont nucleus (nucleomorph) (Curtis et al., 2012) . Therefore, the genome network of a Bigelowiella natans cell has a nuclear genome, a nucleomorph genome, a chloroplast genome, and one or two mitochondrial genomes. In this article, we discuss the genome network in its narrow definition and exclude temporary genetic materials, such as parasite viruses and endophytes, in the cell.
The term "somatic genome" in this article usually refers to the "somatic genome network", which includes the sum total of the nuclear chromosomes, plastid genome, mitochondrial genome, extrachromosomal DNA, and mitochondrial plasmids. Similar to ciliates, which have a germline nucleus and a somatic nucleus in the same cell, a pollen grain has a vegetative cell and one or two generative cells. The vegetative nucleus and the organelles in the pollen cytoplasm (a part of the vegetative cell, because the generative cells are usually small and enveloped) can likely be viewed as a cell. The genome network (the vegetative nucleus and the cell's organelles) should be classified as a part of the somatic genome. Therefore, the term "somatic genome" can be applied to both the genome in cells of the somatic tissues and the genome in nonreproductive cells of ovules and pollen. The term "somatic genome" is different from "pan-genome," which describes the full complement of genes in the nuclear genome of a clade and is usually used to compare gene contents or fragment deletions and additions among closely related strains (Medini et al., 2005) .
Somatic genome variation Li Somatic genome variation, somagenetic variation, and somaclonal variation Somatic genome variation (SGV) refers to variation of the somatic genome, which includes the genome network in somatic cells and the somatic nuclei (such as in pollen) and cytoplasmic genomes in reproductive cells. The term "somatic genome variation" is equivalent to the term "somagenetic variation" when it is being applied to the somatic genome. The term "somagenetic variation" was initially coined for "changes of DNA sequence in somatic cells" (Li, 2008 (Li, , 2009 ) but has been expanded to include both SGV and some non-Mendelian genetic variations of the germline genome, such as extrachromosomal DNA, organelle genome variation, and telomere length changes unrelated to meiotic recombination (Li, 2016) . Therefore, somagenetic variation includes all genetic variations except those generated by meiotic recombination and segregation (Mendelian genetic variations). "Somatic genome variation" emphasizes the genomic aspect more, whereas "somagenetic variation" emphasizes the genetic aspect more and is more parallel to the terms "epigenetic variation" (DNA methylation and gene expression activity changes) and "Mendelian genetic variation." The term "somatic genome variation" is also different from "somaclonal variation," because the latter was coined to describe the variations (genetic and nongenetic) that are detected in in vitro-cultured cells and their regenerated plants (Larkin and Scowcroft, 1981) . Therefore, some somaclonal variations are SGVs and some are not.
Natural attributes of somatic genome variation
For the cellular genome network, there are many categories of SGV, including not only gene mutations and primary sequence changes but also the ploidy of each member of the genome network and the relative ratios among the members of the genome network. When some cells double their ploidy or get eliminated, the genome population of the organism changes. All SGVs are changes at the genetic material level (either sequences of the genome or DNA quantity in the cell) and usually play roles in the growth and development of the cell and the organism. Most SGVs are programmed, systemic, and dynamic during growth and development or in response to the environment. The nature of most SGVs is very different from that of the classical concept of the mutation of Mendelian genes. Many physiological, developmental, or gene-expression changes in plants actually also involve somagenetic variations of the genome network. The major categories of SGV are listed in Table 1 and discussed in the Implications of Somatic Genome Variation for Agriculture section below. This list of SGV categories in agricultural organisms emphasizes plants but also touches on agricultural animals and microorganisms to a certain degree.
Which variations should be classified as SGV? For singlecelled microorganisms such as yeasts and some algae, any genetic variation during the somatic stage should be classified as SGV. Genomic variation in certain somatic parts of a plant obviously fits the definition of SGV. Should whole-plant ploidy differences between clonal plants be classified as SGV? Yes, they should, if a plant with a new genotype (a new ploidy level or a mutated genomic sequence) is generated from a meristematic somatic cell, because new genotypes can be viewed as variations from the original sexually reproduced genotype.
Some transformation occurs naturally and results in somaclones or cultivars carrying natural genetic modifications, such as in the case of sweet potato (Ipomoea batatas) (Kyndt et al., 2015) . Therefore, genetic transformation is a type of SGV, at least in certain cases. This type of SGV is not a developmental and internally driven variation but rather is induced by external biotic or abiotic factors. It is clearly not appropriate to exclude variation caused by genetic transformation from SGV; therefore, the present article discusses SGV is in its broad sense-including SGV that occurs either in part of the organism or in organisms sprouted or regenerated from mutated somatic cells.
Implications of somatic genome variation for agriculture
Somatic genome variation has implications for many aspects of agriculture, even though sometimes people use SGV unintentionally in agriculture. The following are some examples of these agricultural implications (Table 1) , but they by no means constitute a complete list.
Cellular-level variation
Programmed cell death and DNA degradation. Xylem formation in the vascular tissues requires programmed cell death, including DNA fragmentation in the cell (Bollhöner et al., 2012) . Xylem is essential for the growth of higher plants. Programmed cell death, including apoptosis and autophagy, removes damaged or infected cells and therefore can minimize the spread of environmental stresses and pathogen attacks to other cells (Ma and Berkowitz, 2011; Vasil'Ev et al., 2011; Wang et al., 2013) . The activation of DNA damage responses is an intrinsic component of plant immune responses (Yan et al., 2013) . Interestingly, fascinating analogies have been made for the caspase and caspase-like networks between animal innate immune responses and plant hypersensitive responses (Coll et al., 2011) . Bacteria-induced programmed cell death involves proteasome-dependent tonoplast and plasma membrane fusion, after which vacuolar antimicrobial and death-inducing contents are discharged into the apoplast (Pajerowska-Mukhtar and Dong, 2009) . Programmed cell death is also nearly essential for plant morphology such as leaf shape formation (Gunawardena et al., 2004) . It is unclear whether somatic genome degradation also occurs in a programmed way during the programmed cell death responsible for morphological development. At the least, DNA-damage-induced programmed cell death is a method of somatic-cell cleaning, including removal of the somatic genome that is either too damaged to be repaired or can no longer be kept in the tissue.
Cell fusion, somatic hybrids, cytoplasmic hybrids (cybrids), and transferred nuclei. Cell fusion occurring in vivo has been reported in yeast (Salzman et al., 2015) , plants (Maruyama et al., 2015) , and animals (Zhou and Platt, 2011; Pérez-Vargas et al., 2014) . Cell fusion occurs Li between the persistent synergid cell and the endosperm in Arabidopsis thaliana (Maruyama et al., 2015) . Somatic hybrids from protoplast fusion have mitochondrial genome segregation and generate new mitochondrial genomes carrying mitochondrial DNA (mtDNA) from both parents (Belliard et al., 1979) . In intergeneric somatic hybrids of Valencia orange (Citrus sinensis), the mtDNA pattern was correlated with phenotypic abnormality, but a more complex mtDNA banding pattern coincided with increased plant vigor (Cheng et al., 2003) .
Graft hybrids and intercellular genome trafficking of organelle or nuclear materials. In grafts, intercellular trafficking of organelle or genetic materials occurs between neighboring cells (Stegemann and Bock, 2009; Liu et al., 2010; Thyssen et al., 2012) . Not only can grafting influence epigenetic factors such as DNA methylation and gene silencing (Crété et al., 2001; Yang et al., 2015) , but the transfer of an entire nuclear genome and the formation of allopolyploid hybrids was recently reported in grafting between tobacco (Nicotiana) species followed by tissue culture and plant regeneration (Fuentes et al., 2014) . Another study detected in grafted plants the cell-to-cell movement of the entire 161kb plastid genome, most likely in intact plastids, but the related mitochondria were not transferred (Thyssen et al., 2012) . The fact that researchers obtained some pupil plants (scions) that acquired some hereditary characteristics from the mentor variety may suggest that some DNA circulates from mentors to scions (Anker and Stroun, 2012) although the carrier for the DNA is not known. The screening of seeds collected from green-leaved plum (Prunus ceraifera cultivar Pissardii) trees (as crown) that were grafted with purpleleaved plum (Prunus salicina) (as scions) found that 2.3% to 15.8% of the seedlings had purple leaves, a result that suggested that they were graft hybrids (Zhou et al., 2013) . Although that report is very interesting, more research confirmation at the genomic level is needed to determine whether the seedlings were nuclear hybrids or cybrids, whether the variation was genetic or epigenetic, and whether there was any contamination from pollen traveling through the air from far away, given that trees are tall and difficult to cover fully to prevent such contamination.
Ploidy and chromosome number variation-resulted whole organisms
Somatic-cell-derived organisms of new ploidy levels. Whole-plant polyploidy or triploidy can result from sexual reproduction such as a cross between a tetraploid and a diploid, which is obviously not a question of SGV. However, polyploidy or other types of ploidy variation such as aneuploidy can sometimes originate somatically. For example, chromosome doubling, with or without artificial treatment with colchicine (a mitosis-inhibiting chemical), at an early stage of seedling or plantlet growth can cause the shoot meristem to become polyploid; after the death of the nonpolyploid original tissues or after cutting, the whole plant or nearly the whole plant becomes polyploid. In Bryophyllum species, primordia are generated somatically on leaf fringes (Slabý et al., 1990) , and many primordia developed into plantlets and eventually drop off and grow into plants; the whole plantlet will have the new ploidy level if the plantlet is from a meristematic cell that has ploidy variation such as polyploidy or aneuploidy.
Chromosome doubling and ploidy increase are widely used for improving crop yield. The treatment of plant roots and shoots with colchicine often leads to chromosome doubling and polyploid production. Chromosome-doubling-produced tetraploid lines (2n = 4x = 32) from diploid alfalfa (2n = 2x = 16) showed yield increases ranging from 12% to 32% (McCoy and Rowe, 1986) . Chromosome doubling and ploidy variation likely provide a new type of variation in gene expression, because of epigenetic interactions between redundant genes (Comai, 2005) . At least in cotton (Gossypium) allopolyploid lines, domestication may increase expression bias in fibers toward the D genome, which suggests that D-genome recruitment under human selection during domestication is involved (Hovav et al., 2008) .
Doubled haploids in the whole organism. Doubled haploids are widely used as parental lines in crosses to produce hybrids in breeding programs that are based on hybrid vigor. This approach is sometimes called "haploid breeding" (Hanifi-Mekliche and Gallais, 1999) and is frequently used in commercial seed production, as in the case of maize (Zea mays) (Gordillo and Geiger, 2008; Smith et al., 2008; Wegenast et al., 2008; Geiger and Gordillo, 2009) , or in the creation of homozygous lines for genetic studies such as gene mapping and cloning (Formanova et al., 2006) . Cultivated potatoes (Solanum tuberosum) are mainly tetraploid, and diploid lines are viewed as haploid, in comparison with the tetraploid lines. The ploidy of diploid plants can be doubled to become tetraploid before the plants are used as parents in tetraploid potato breeding. The use of homozygous doubled-haploid plants has greatly facilitated genome sequencing projects such as the one for potato (Xu et al., 2011) .
B chromosome number variation. Many plants have B chromosomes, and the dynamics of B chromosomes in the population depends on their non-Mendelian transmission (Puertas, 2002) . It is known that B chromosomes exist mainly in large-sized nuclear genomes in flowering plants (Trivers et al., 2004) . The number of B chromosomes has wide range of intratissue variation, even though mitosis is apparently normal when there are B chromosomes, such as in Ranunculus bulbosus plants (Bianchi et al., 1997) and maize (Ma and Li, 2015) .
Extrachromosomal circular DNA molecules. Extrachromosomal circular DNA molecules, including those derived from satellite repeats, that occur in plants can be detected by electron microscopy (Navrátilová et al., 2008) and identified from the nuclear DNA fraction (Kinoshita et al., 1985) . Extrachromosomal circular DNA, including 5S ribosomal DNA and some noncoding repeats, can be detected in Arabidopsis thaliana and Brachycome d i c h r o m o s o m a t i c a using two-dimensional gel electrophoresis (Cohen et al., 2008) . Further research is required to determine whether the extrachromosomal Li circular DNA molecules are created during meiosis, mitosis, or in interdivision time, and whether these DNA molecules are dynamic in quantity during plant growth and development.
Chromosome elimination and instability in interspecific hybrids. Interspecific hybrids often have chromosome instability, chromosome elimination, and aneuploid formation, as is the case with barley (Hordeum vulgare) (Linde-Laursen and von Bothmer, 1988) . Sometimes haploids are produced when only hybrids are expected (Bennett et al., 1976; Bordes et al., 1997) , which suggests that a parental set of chromosomes is eliminated from the zygote somatically during the early stage of embryo development. In hybrids of Hordeum vulgare × Hordeum bulbosum, the Hordeum bulbosum chromosomes were eliminated. The maximum rate of chromosome elimination in each tissue was reached when that tissue first synthesized significant amounts of new cytoplasm (second day after pollination in the endosperm and third day in the embryo) (Bennett et al., 1976) . Chromosome elimination occurs in other plants as well, including Triticeae, oat (Avena sativa), and pearl millet (Pennisetum glaucum) (Ishii et al., 2010) . In maize, after pollination with a haploid inducer, up to 10% of the seeds can be doubled haploids (Melchinger et al., 2013) . Potato haploids can be obtained by pollinating tetraploid potato cultivars (Solanum tuberosum) with pollen from a haploid inducer, which is usually a line of Solanum phureja (Liu and Douches, 1993 ). An analysis of induced potato haploids with DNA markers suggested that it was the inducer chromosomes that were eliminated and that the Solanum tuberosum chromosomes remained, which is a situation similar to parthenogenetic offspring from unfertilized eggs (Samitsu and Hosaka, 2002) . The production of potato haploids through haploid inducers has been used in potato breeding and genetic mapping research (Hosaka, 1999) . A monoploid potato line (Paz and Veilleux, 1999) greatly helped advance potato genome sequencing (Xu et al., 2011) . The DNA elimination in hybrids does not always occur rapidly following the division of zygotes. In allohexaploid plants of Triticum turgidum x Aegilops tauschii, the elimination of two alleles of Aegilops tauschii DNA sequences does not occur in germ cells but instead occurs during embryo development in the second, third and fourth sexual generations, likely in a tissue-specific manner (Khasdan et al., 2010) .
Endoploidy variation
Endoploidy with chromosome number variation. Root tips are found to have high frequency of aneuploidy variation in Piper magnificum (Nair, 2007) , even though the mechanisms of the detected variation is still unclear. Diploid maize seedlings can have some tetraploid or aneuploidy cells in leaves and root even though the frequency is very low (Ma and Li, 2015) .
Endopolyploidy and formation of multiple chromatid chromosomes in somatic cells.
In an analysis of the endopolyploidization of several organs of 54 seed-plant species belonging to two gymnosperm families and 14 angiosperm families, phylogenetic position, life cycle, genome size, and organ type were found to have effects on endopolyploidization (Barow and Meister, 2003) . Polytene chromosomes were found in anther tapetal cells of cowpea (Vigna unguiculata) and embryo suspensor cells of runner bean (Phaseolus coccineus) using fluorescent in situ hybridization (Guerra, 2001) . Polytene chromosomes were detected in secretory cells from the larvae of the biting midge insect Forcipomyia nigra (Urbanek et al., 2013) .
Endoreplication variation between tissues caused by differences in the cell cycle phase. The balance between different stages of cell cycle is regulated sensitively, and several genes and pathways, such as the ubiquitin-SCFSKP2A pathway in Arabidopsis (Del Pozo et al., 2006) , are involved in this regulation. One of the variants of cell cycle is "endocycle", in which chromosomes are not separated but genomic DNA is successively duplicated. The percentage of root cells arrested in G2 in 3-day-old seedlings of Pisum sutivum was higher than that in 10-dayold seedlings (Evans et al., 1987) . The percentage difference of each cell cycle phase between tissues (Evans et al., 1987; Kotogány et al., 2010) suggests that each type of tissue has its own appropriate percentage of the cell phase for plant growth and development.
Intra-and interchromosomal variation
Telomere sequence length variation. Telomere sequence length in plants varies seasonally in the fruit tree Ginkgo biloba (Song et al., 2010) . Telomeres are involved in the life and death of maize seeds (Osborne and Boubriak, 2002) . It is also known that telomeres shorten during differentiation and grow in callus culture in barley (Kilian et al., 1995) , suggesting that telomere variation is dynamic during barley growth and development. The regulation of telomere length can be a potential approach to improve crop performance when an effective method is available.
Repetitive sequence variation. In plants, the intergenic spacer region is among the most variable repetitive sequences between closely related plant lines, even among somatic cells (Rogers and Bendich, 1987) . In situ hybridization revealed variation of ribosomal DNA locus locations among cells of the same onion (Allium) plant (Schubert and Wobus, 1985) . The DNA reassociates increase significantly from the gastrula stages to the early neurula stage during early embryonic differentiation in the newt Triturus vulgaris, suggesting variation in repetitive DNA (Schubert and Lohmann, 1982) . Ribosomal DNA rearrangements occur in late-generation telomerasedeficient cells in Arabidopsis (Siroky et al., 2003) . Repetitive sequence amounts after the in vitro culture of pea (Pisum sativum) apices were found to vary, as measured using cytophotometry and slot blot analyses (Cavallini et al., 1996) . Repetitive DNA in the nuclear DNA content varies widely among and within species and influences phenotypic differences between species (Meagher and Vassiliadis, 2005) . Variants in short tandem repeats require genotyping with targeted assays and genotype-phenotype association analysis with appropriate statistical methods (Press et al., 2014 (Li and Du, 2014a) . Clearly different regions of the chromosome have different degrees of instability.
Chromosomal structure changes. Chromosomal structure rearrangement, including the addition or deletion of a large fragment such as a chromosome arm, occurs in certain somatic cells. The translocation of chromosomes occurs in many plants, such as cotton (Gossypium hirsutum) (Sanam'yan and Musaev, 1990) . Some terminal chromatid deletions apparently trigger unscheduled apoptosis, which is likely a rescue approach for the plant, but extensive cell death in meristems eventually causes reduced growth (Schubert et al., 1998) . Chromosomal rearrangements often change growth characteristics.
DNA copy number variation. DNA copy number variation is common in plants, such as alfalfa (Medicago sativa), according to Southern and slot blot hybridization (Kidwell and Osborn, 1993) . Copy number variation differences have been found between normal and tumor tissues in dogs (Canis lupus familiaris) and between twins in humans (Bruder et al., 2008) . In plants, ribosomal RNA genes (ribosomal DNA) are highly variable in terms of copy number and intergenic spacer length between lines within species and likely also among somatic cells of individual plants (Rogers and Bendich, 1987) .
Homologous recombination and the evolution of gene direction. Homologous recombination in somatic cells is often related to sister chromosome alignment, which occurs usually at the centromeres, in some ribosomal DNA, and at a few other high-copy loci (Schubert et al., 2007) . In zebrafish (Danio rerio), DNA damage during the G0/G1 phase of cell division can trigger an RNA-templated homologous recombination to counter the damage and to protect genome stability, and the process requires Cockayne syndrome protein B (Wei et al., 2015) .
Recombination of invert repeats can change the directional order of genes. The direction of genes on the chromosome is characteristic for different kingdoms and different groups of species and shows a clear evolutionary tendency from being arranged in the same direction to being arranged oppositely during the evolution from prokaryotes to eukaryotes Li, 2015a) . The difference in gene direction between archaeans and bacteria demonstrates that nonsexual genome variation occurs. However, the overall high similarity of gene direction between species within the same family or kingdom suggests that the evolution of gene direction is very slow and that the genome is largely stable in terms of gene direction during the growth and development of an organism.
Somatic crossover. Both chromosome crossover and gene conversion occur in somatic cells, as well as in gametes such as in Arabidopsis thaliana (Berchowitz and Copenhaver, 2009 ). Somatic crossover (also known as mitotic crossover) has been detected in various studies (Roncuzzi et al., 1985; Courtial et al., 2001; Hartung et al., 2008) . Irradiation with X-rays can increase the rate of somatic crossovers in tobacco (Nicotiana tabacum) (Evans and Paddock, 1977) . DNA repair is likely involved in somatic recombination in maize (Pandey, 1983) .
Somatic gene conversion. Somatic gene conversion between alleles of the same locus was detected in a semidominant mutation of leaf color in Nicotiana sylvestris (Li, 1987) . Somatic gene conversion likely occurs during chromosome repair after sublethal irradiation of pollen in maize (Zea mays) (Pandey, 1983) . Some hybrids from a cross between triploid and diploid individuals in rice (Oryza sativa) could be diploid, had high levels of homozygosity, and showed a high frequency of genome-wide gene conversion of the analyzed molecular markers (Xu et al., 2007) . Gene conversion also occurs frequently in pathogens. A hybrid strain of the soybean pathogen Phytophthora sojae had a high frequency of gene conversion during vegetative growth (Chamnanpunt et al., 2001) . Gene conversion plays a role in the pathogenicity of plant fungal pathogens.
DNA transposition in somatic cells. Somatic cell DNA transposition was first found in maize (McClintock, 1950) , and it is now known that somatic transposition is active throughout plants and animals (Huang et al., 2012) . Transposons (Mu-like elements, or MULEs), similar to the maize Mutator system, have been found to be horizontally transferred between cereals, including maize, Setaria, and rice (Diao et al., 2006) . DNA transposition is likely one of the main mechanisms of gene mutation. Transpositioninduced mutation offers novel phenotypic diversity for crop improvement (Paszkowski, 2015) .
Dedifferentiation-and redifferentiation-induced variation and new clonal genotypes
Natural clonal variation and in vitro somaclonal variation at the genome network level. Some ciliates selectively maintain a small portion of genes and deleted most other genes in the somatic nuclei, and the genomic rearrangement is mediated by RNA during the differentiation and development (Bracht et al., 2013; Bracht, 2016) . Clonal genetic variation has been detected in microorganisms (Nakano et al., 2007) , animals (Loxdale et al., 2013) , and plants (Larkin and Scowcroft, 1981) . Clonal cultivars are often from bud mutation in plants (Sun et al., 2007; Pan et al., 2012; James and McDougall, 2014; Reuscher et al., 2014) . Various potato cultivars are selected from clonal variation; for example, 'Red Norland' and 'Dark Red Norland' are clonal variants of the cultivar 'Norland' (Waterer et al., 2011 ).
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The frequency and extent of clonal ploidy variation and gene mutations are greatly enhanced when cells are produced by in vitro culture. "Somaclonal variation" is a term used specifically for the variation induced by in vitro cell culture (Larkin and Scowcroft, 1981) . Some somaclonal variation is at the ploidy level, some is gene mutation, and some is likely physiological or epigenetic. The variation is likely caused by the dedifferentiation and redifferentiation of cells and tissues. Aneuploid plants usually have abnormal growth. For example, in the plants regenerated from an embryogenic cell line of the allopolyploid coffee (Coffea arabica), all eight aneuploid plants that were missing one to three chromosomes were either dwarf or had abnormal leaves (Bobadilla Landey et al., 2015) .
Plants with changed chromosome numbers, such as plants with aneuploidy (those in which most cells are aneuploid), were frequently detected among plants regenerated from tissue culture (Larkin and Scowcroft, 1981) , raising the possibility that some cells in the tissue culture explants already had ploidy variations. Both polyploid and aneuploid cells can be found in the leaves of healthy, vigorously growing maize seedlings, even though the frequency is very low (e.g., one tetraploid in 367 leaf cells) (Ma and Li, 2015) . The detection of somatic cells with changed chromosome numbers in vigorous, healthy plants strengthens the hypothesis that ploidy variation in the source explants under culture contributes to the detected ploidy variation in cultured cells and regenerated plants. However, dedifferentiation and redifferentiation during cell culture also contribute to the detected ploidy variation, given that different culture methods often induce different frequencies of somaclonal variation. The expression activities of genes that are responsible for centromere and ploidy stability are expected to change during dedifferentiation and redifferentiation and may therefore result in chromosome number variation in some cultured cells. The epigenetic changes in gene expression may last for many mitotic generations of cell division, may even be heritable over a certain number of reproductive generations, and may consequently still cause genome instability in both generation zero and the immediately following generations of regenerated plants.
In a study using both selfing and diallel crosses to investigate the mode of inheritance of somaclonal variation in tomato (Solanum lycopersicum; synonym: Lycopersicon esculentum) and lettuce (Lactuca sativa), Demarly and Sibi (1989) detected that some new traits differed from the original line but did not have clear segregation among progeny plants within the same regenerated line and that some of these uniform variations could not be explained by cytoplasmic effects. Those authors (Demarly and Sibi, 1989 ) coined the term "epigenic variation" for the somaclonal variation whose inheritance is neither in Mendelian segregation nor cytoplasmic inheritance. Somaclonal variation has been used in the somatic breeding (using somaclones) of potato and various other crops. For sexually reproducing plants, somaclonal variation often lacks stability for the variant traits, as is the case for wheat (Bozorgipour and Snape, 1997) , and sometimes does not have a clear increase in the mutation spectrum, as is the case for Lotus corniculatus (Damiani et al., 1990) . However, in vegetatively propagated plants, some traits from somaclonal variation, such as chip color quality in potato, were found to be quite stable over at least several generations of vegetative propagation (Nassar et al., 2011) .
DNA damage and gene mutation
DNA damage that may or may not cause mutations. DNA damage can affect plant growth. Plants in soil contaminated with polychlorinated biphenyls showed increased DNA damage and reduced growth and distorted leaves, even though no detectable increase in mutation frequency was found (Gichner et al., 2007) . According to a comet assay of oxidative DNA damage and repair in lymphocyte cell cultures and another assay of lipid peroxides in serum, organophosphate pesticides induce oxidative DNA damage in agricultural workers (Kisby et al., 2009) .
Somatic cell mutation.
It is usually known that some exogenous factors such as radiation and chemical mutagens can cause DNA mutation; however, endogenous factors and processes such as transcription during gene expression and the activity of DNA deaminase (Harris, 2015) can also cause gene mutation. The reader is referred to Kim and Jinks-Robertson (2012) for the effects of transcription on genome instability. Gene mutation of topranked proteins can cause severe diseases in animals Li et al., 2016) . In agriculture and horticulture, bud mutation in plants, has generated many new cultivars for horticultural crops or trees, including flower color and florescence mutants in chrysanthemum (Chrysanthemum morifolium) (Sun et al., 2007) , chimeric chrysanthemum (Yamaguchi et al., 2009 ), anthocyanin color mutants in pear (Pyrus communis) (Chikwambi and Muchuweti, 2008) , ever-growing mutant in peach (Prunus persica) (Jiménez et al., 2010) , sweet orange (Citrus sinensis) (Pan et al., 2012) , giant-fruit pear (Reuscher et al., 2014) , and betterquality orange (Pan et al., 2014) . DNA polymorphisms were detected among clones in natural plant populations of Rhododendron ferrugineum (Escaravage et al., 1998) . Despite occasional somatic mutations in some cells, DNA fingerprinting is known to be a powerful tool in genotyping, such as in identifying potato cultivars and in dissecting genetic structure and diversity in agricultural trees such as farmer collections of cacao (Theobroma cacao) in the Peruvian Amazon . Somatic genome variation is obviously not always an issue for cultivar identification. This is likely because most researchers will choose the reproducible molecular markers in the DNA fingerprinting analysis and also because the most dynamic regions on the genome are more difficult to assemble during the reconstruction of the reference genome and therefore are less frequently used in developing molecular markers. Many SGVs are not at the primary-sequence level and therefore may not alter the cultivar identification results, depending on the resolution levels used in the DNA genotyping techniques and the threshold for recording the markers.
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Second-generation sequencing and certain bioinformatic pipelines (Xiang and Li, 2015) can allow the wholegenome-level comparison of repetitive sequence variation, and be used for single nucleotide polymorphisms (SNPs), between somatic tissues. The whole-genome-level comparison is likely sensitive to primary-sequence variation and certain types of stoichiometric variation, because the variations may cause incorrect alignment or change the SNP ratios. For this comparison, the similar shared nuclear and organellar sequences must be removed; otherwise, the dynamic variation of the chloroplast and organelle DNA content could cause artifact SNPs or repetitive DNA variations during the bioinformatic analysis of the nuclear genome. Several laboratory protocols are available for preparing nuclear DNA, chloroplast DNA, and mtDNA separately (Li, 2015b) .
Environmentally induced DNA insertion or deletion.
The environment can induce DNA deletion, a site-specific insertion, or rearrangement in flax (Linum usitatissimum) (Cullis, 1973; Schneeberger and Cullis, 1991; Chen et al., 2005) as well as genome instability in Arabidopsis (Boyko and Kovalchuk, 2011) . It is also known that environmentally induced epigenetic changes can be transgenerational and therefore heritable to a certain degree in plants (Boyko and Kovalchuk, 2011; Suter and Widmer, 2013) . However, epigenetic variation and SGV are sometimes associated; for example, UVC can induce epigenetic activation of transposons in Arabidopsis thaliana (Migicovsky and Kovalchuk, 2014) , and gene transposition is obviously a type of SGV, because the genome primary sequence is changed by the deletion or insertion. This type of SGV is expected to have a high probability of transgenerational inheritance if the transposition occurs in a plant's buds or reproductive cells. Both the genome itself and its expression are involved in the plant response to the environment (Li, 2009 ).
Plastid genome sequence or DNA amount variation
Plastid ploidy variation among plastids. In a study of plastid DNA amounts per plastid in diploid spongy mesophyll cells of Beta vulgaris using fluorochrome DAPI (4,6-diamidino-2-phenylindole) staining, the DNA amounts per plastid ranged from 0.0014 to 0.02 pg depending on leaf development stages (Rauwolf et al., 2010) . Plastid DNA synthesis is very active and builds up the plastid DNA amount at the early stage of plastid biogenesis prior to active transcription (Baumgartner et al., 1989) .
Plastid DNA amount per cell. The amount of plastid DNA varies at the cellular level among tissues and among developmental stages (Ma and Li, 2015) , suggesting that variation of the plastid DNA amount is important for plant growth and development. Despite a report of chloroplast DNA fragmentation and degeneration under light (Kumar et al., 2014) , other studies found that green leaves usually have higher plastid DNA amounts in comparison with nongreen leaves or immature regions of leaves (Udy et al., 2012; Ma and Li, 2015) . A study using [ 3 H]thymidine labeling found that the chloroplasts of the algal species Ochromonas danica contain more DNA than its proplastids do (Gibbs et al., 1974) . Chloroplast DNA degrades during natural senescence in maple leaves, according to DNA hybridization (Fulgosi et al., 2012) .
Chloroplast heteroplasmy in a cell. A kiwifruit (Actinidia deliciosa) cultivar, 'D uno', was found to be a periclinal plastid chimera, according to data from a DNA restriction analysis; the cultivar's chloroplast heteroplasmy is not transmitted during sexual reproduction but can be maintained through vegetative propagation (Chat et al., 2002) . Chloroplasts can be heteroplastomic under selection pressure from spectinomycin in genetically transformed tobacco plants, which gradually eliminated the inserted DNA and returned to the wild-type plastome after the selection pressure (spectinomycin) was removed (Drescher et al., 2000) .
Chloroplast mutation. Plastid division occurs by binary fission and not by meiosis. Therefore, plastid DNA evolution occurs through SGV and not through Mendelian genetic variation, even though Mendelian genetic variation of certain nuclear genes can impact chloroplast DNA variation. Many chloroplast genes, such as the transfer RNA genes trnC-GCA and trnN-GUU, are essential for plant cell development, as confirmed by an analysis of mutants (Legen et al., 2007) . A chloroplast DNA mutation for changing a cytosine to an adenine in the 16S ribosomal RNA is likely sufficient for the streptomycin resistance phenotype in Nicotiana tabacum (Etzold et al., 1987) . Chloroplast DNA diversity is heritable and has been widely used in phylogeny, such as for genetic-distance analysis in wild and cultivated species of rice (Dally and Second, 1990) . Because of the high copy number of the chloroplast genome and the much higher chance that they will be detected in highly degraded DNA, chloroplast DNA polymorphisms can be used in identifying or verifying plant sources in the food industry and forensic science (Taberlet et al., 2007) . Early chloroplasts during endosymbiosis did not have chlorophyll b, and the generation of chlorophyll-bcontaining chloroplasts during evolution appears to finetune oxygenic photosynthesis (Kim et al., 2009 ).
Mitochondrial genome sequence or DNA amount variation
Variation in mitochondrial DNA amount per cell or the ratio of mitochondrial to nuclear DNA. The mitochondrial genome per cell or the mtDNA and nuclear DNA amount ratio in plants is very dynamic in response to development and environmental conditions. In maize, for example, the immature yellowish part of functional leaves has more mtDNA in comparison with the dark green and more mature part of the same leaves; similarly, root tips have more mtDNA than the root elongation zone does (Ma and Li, 2015) . It is known that mitochondrial transcript density is very different among different cell types and tissues . The recent study by Ma and Li (2015) indicates that the cellular difference in the functional genomics of mitochondria is not only at the transcript level but also at the level of the mtDNA, a finding that suggests that the copy numbers of mitochondrial chromosomes play a role in the cell-specific transcriptional activities of the mitochondrial genes.
Li
Stoichiometric variation of the ratio between mitochondrial subgenome molecules. Stoichiometric variation of the ratio between mitochondrial subgenome molecules (sublimons, mitochondrial chromosomes) was found to be involved in mitochondrial mutants showing cytoplasmic male sterility (CMS) in Nicotiana sylvestris (Li et al., 1988) . The involvement of stoichiometric variation in CMS has now been confirmed in many plants, such as petunia (Yesodi et al., 1997) and common bean (Phaseolus) (Arrieta-Montiel et al., 2001) . In Arabidopsis, the amplification and recombination of subgenomic mitochondrial molecules are affected by nuclear gene MHS1 and therefore by nuclear genetic background (Laser et al., 1997) . Some mitochondrial genome mutants do not alter male fertility but are still heritable over generations and affect the height of plants (Li, 1987) .
Homologous recombination of mitochondrial DNA.
Recombination can occur between two repeated sequences of the mitochondrial genome in either somatic or sexual cells. Homologous recombination involving the mitochondrial cox2 gene is responsible for a mutation in the CMS-specific mitochondrial locus of petunia (Yesodi et al., 1997) .
Mitochondrial gene mutation and inheritable DNA rearrangements. Mitochondrial gene mutation and inheritable DNA rearrangements due to DNA sequence changes occur in either somatic or sexual cells. Variant mitochondrial transcripts of a broad bean (Vicia faba) line are associated with two point mutations located upstream of the nad5 exon c (Scheepers et al., 1997) . The mitochondrial point mutation rate is very low, as is the case with the mitochondrial genome of Magnolia stellata (Richardson et al., 2013) . Mitochondrial genomes in most dairy animals such as cow and goat likely have the same evolutionary origin in terms of endosymbiosis, but each dairy animal species now has genome sequences that are distinct from those of other dairy species.
Mitochondrial plasmids. The mitochondria of some plants have plasmids, and mitochondrial plasmids are known to be maternally transmitted (Andersson-Ceplitis and Bengtsson, 2002) . Some mitochondrial plasmids are suspected to be involved in CMS (Palmer et al., 1983) . The copy number of mitochondrial plasmids appears to vary among nuclear genotypes in rapeseed (Brassica napus) (Erickson et al., 1986) .
DNA transfer, organelle transmission, and organelle genome segregation
Horizontal transfer of DNA. Horizontal DNA transfer (also known as lateral DNA transfer) occurs in both nuclear and cytoplasmic genomes and in both somatic cells and sexual reproductive cells. The physical association between parasites and their hosts facilitates horizontal transfer. For example, about 2.1% of the nuclear gene transcripts in the holoparasite plant Rafflesia cantleyi (Rafflesiaceae) were likely acquired from its obligate host (Xi et al., 2013) . Phylogenetic studies from diverse clades indicate that horizontal transfer to parasitic plants from their hosts is high in the mitochondrial genome and appreciable in the nuclear genome (Davis and Xi, 2015) . The transfer is not random, and mitochondrial genes are among the most frequently transferred ones. Eleven of 27 analyzed mitochondrial genes (approximately 41%) in Rafflesia cantleyi were found to be horizontally transferred from the host plants (Xi et al., 2013) .
Genetic transformation of the nuclear or chloroplast genome. Genetic transformation of either the nuclear genome (Bryant, 1986) or a chloroplast genome with DNA from either different genomic compartments of the species itself or a different species can occur both in nature and under controlled laboratory conditions. Most cultivars of sweet potato (Ipomoea batatas) from South and Central America, Africa, Asia, and Oceania naturally carry transferred DNA from Agrobacterium spp. (Kyndt et al., 2015) . This natural genetic transformation likely occurs because sweet potato is propagated mainly through storage roots, and therefore, some root cells transformed by Agrobacterium strains in soil can have the opportunity to grow into individual clonal plants. DNA transfer can be greatly accelerated and made more accurate by using artificial, designed genetic engineering experiments. Genetic transformation of plant nuclear and chloroplast genomes with foreign DNA is greatly facilitated when it is mediated with an Agrobacterium species (Howe, 1985; Stachel et al., 1986) . The transfer of Agrobacterium DNA to plants requires a transfer-DNA, or TDNA, border (Gardner and Knauf, 1986) . A plant cell factor induces vir gene expression in Agrobacterium tumefaciens (Stachel et al., 1986) . Cereals are more resistant to Agrobacteriummediated transformation, but the degree of resistance depends on which Agrobacterium tumefaciens stains and vir genes are used Liu et al., 1992) . In a rice genetic transformation study, the present author and collaborators ) used a potato gene intron in the marker gene gusA to ensure that the gusA gene expression occurred inside the plant cell, and they created Agrobacterium tumefaciens strain EHA105 by removing a kanamycin-resistant gene in the chromosome of strain EHA101. Those researchers obtained a very high rate of transient transformation in all of the eight indica (Oryza sativa var. indica) varieties, seven japonica (Oryza sativa var. japonica) varieties, and six African rice (Oryza glaberrima) varieties . The results obtained by those researchers confirmed that cereal crops can also be efficiently transformed; rice in nature can also likely be frequently transformed by Agrobacterium tumefaciens, although rice does not show the symptoms, mainly because cereals do not show tumors in infected tissues . The vir genes of an agropine-type Ti-plasmid of Agrobacterium tumefaciens EHA105 were most effective in directing gusA expression, whereas those of nopalinetype and octopine-type plasmids were less effective in genetically transforming rice . Additional copies of octopine-and agropine-type virG genes in Agrobacterium tumefaciens strains containing an agropinetype Ti-plasmid enhanced the frequency of transient transformation of celery and rice (Medgyesy et al., 1986; Horlow et al., 1990; Stine and Keathley, 1990; Erickson and Kemble, 1993; Wang et al., 2004) . Paternal transmission of mitochondria also occurs occasionally, such as in a cross between a female with nap-type cytoplasm and a male with pol-type cytoplasm in rapeseed (Brassica napus) Kemble, 1990, 1993) . However, when Brassica rapa plants with fertile cytoplasm were used as female plants and crossed with partially male sterile plants carrying pol cytoplasm, the present author found that all of the several hundred plants were still fertile (Li, unpublished results) . It is known that pol cytoplasm carries the CMS-associated mitochondrial gene orf224 (Singh et al., 1996; L'Homme et al., 1997; Li et al., 1998; Formanova et al., 2006) . The present author made several crosses using a plant carrying the orf224 gene in the mitochondrial genome as the male parent and plants that lack the mitochondrial orf224 as the female parents, but the hybrid plants were not found to have any clear sign of the expression of this gene, if it indeed has some paternal transfer (Li, unpublished results) .
Chloroplast genome segregation in somatic hybrids from protoplast fusion. The chloroplast genome in somatic hybrids from protoplast fusion is similar to one of the parents in some somatic hybrids, such as in the case of tobacco cybrids (Belliard et al., 1979; Patel et al., 2011) . That is not always the case, however. For example, the somatic hybrids between the cultivated potato (Solanum tuberosum) and the wild potato species Solanum verneï exhibit a recombination in the chloroplast genomes from both parents (Trabelsi et al., 2005) .
Genetic material exchanges between hosts and stable or temporary endosymbionts (viruses, endobacteria, or endofungi) . Although the category encompassing endosymbiosis, viral infection, and endobacteria is often not a regular part of variation of the somatic nuclear and organelle genome, most genes of the nucleomorph genome and the chloroplast genome were transferred to the nuclear genome in certain algae during evolution (Curtis et al., 2012) . The remaining nucleomorph and the chloroplast are likely still essential for these algae. Temporary endobacteria and parasitic viruses also add genetic materials to the cell, and their presence usually has a huge impact on cellular function and crop productivity (Hoffmeister and Martin, 2003; Gagne-Bourgue et al., 2013) . Bacterial endophytes mediate the positive feedback effects of early legume termination times on the yield of subsequent durum wheat (Triticum turgidum var. durum) crops (Yang et al., 2012) . A fungal endophyte was found to enhance the biomass production and essential oil yield of East Indian lemongrass (Cymbopogon flexuosus) (Ahmad et al., 2001) . The transfer of DNA from endosymbionts contributes to the diversity and evolution of the nuclear genome (Hoffmeister and Martin, 2003) , such as in the case of insects (Jiggins and Hurst, 2011) . Elements from both retroviruses and nonretroviral RNA viruses have been found in many eukaryotic nuclear genomes, and mitovirus sequences have been found in plant mitochondrial genomes (Bruenn et al., 2015) . Therefore, this category of changes to the cellular genome network can be loosely attributed to SGV. It is also known that some sea slugs (taxon Sacoglossa; Gastropoda: Opisthobranchia), which are invertebrate animals, survive for months solely on photosynthesis by the diet-derived chloroplasts captured from eating algae (Händeler et al., 2009) . The example of sea slugs and chloroplasts suggests that some temporary endosymbionts in the genome network, regardless of whether there is DNA exchange, can also play a role in the growth and survival of the host organism.
Intercompartmental variation Intercompartmental interaction at the genome level.
There are numerous examples of intercompartmental interaction in the genome network (Li et al., 1998; DellaPenna and Pogson, 2006; Formanova et al., 2006; Savage et al., 2013; Liu and Last, 2015) . Chloroplasts not only are the organelles where photosynthesis takes place but also produce many compounds that are vital for cellular functions (DellaPenna and Pogson, 2006) . Many chloroplast proteins, including some proteins involved in protecting cells from photodamage, are encoded by the nuclear genome (Savage et al., 2013; Liu and Last, 2015) , whereas chloroplast genes are involved in the processing of both chloroplast-encoded and nuclear-gene-encoded chloroplast proteins (Johnson et al., 1991) . Sometimes a single gene may have negative effects on plant growth but becomes important for helping plant performance and survival in natural and artificial selection when the gene forms a functional system with genes in another compartment in certain tissues. An example of such an interaction is the interaction between the mitochondrial genes for plant CMS and the nuclear genes for restoration of male fertility in Brassica napus (Li et al., 1998 ). These nuclear-mitochondrial genes tend to be eliminated in the population when they exist alone, but they survive natural and artificial selection and coevolve new CMS genes and their nuclear alleles to restore fertility (Li et al., 1998) .
Intercompartmental exchanges of genetic materials.
Intercompartmental exchanges of genetic materials occur between the nuclear, plastid, and mitochondrial genomes in both somatic and sexual cells. It has been found that chloroplast DNA is transferred quite frequently into the nuclear chromosomes of maize (Roark et al., 2010) . The transfer of plastid DNA to the nucleus is elevated during male gametogenesis in tobacco (Sheppard et al., 2008) . The transfer of a copy of some plastid DNA or mtDNA often gives rise to noncoding sequences, but some of these sequences were found to be recruited as exons (Kleine et al., 2009) . Intercompartmental DNA transfer is considered a driving force for genome evolution (Kleine et al., 2009) . The transfer of the mitochondrial ribosomal protein L6 gene to the nucleus was reported in rice and is likely mediated by a transposable element (Kubo et al., 2008) . Even though many organelle genes are transferred to the nuclear genome, plastids and mitochondria retain the Li coding capacity of certain genes (Adams and Palmer, 2003; Daley and Whelan, 2005) , suggesting that it is more beneficial for these genes to be encoded by the organelle genome during evolution in most species.
Management of somatic genome variation, and concluding remarks
For seed-propagated crops, cultivar maintenance should use seeds. Propagation using a non-seed approach, such as cell culture or repeated cuttings, for seed-propagated crops could result in SGV and epigenetic variation of the cultivar. Some of these variations, including major gene mutations, ploidy changes, or stoichiometric change of mitochondrial subgenomic molecules, may be inheritable as stable traits. However, most somagenetic variations, such as the organelle genome copy number per cell, repetitive DNA amount, or extrachromosomal DNA, may act similarly to physiological or epigenetic variations but can still be transgenerational through seeds or propagules and influence plant growth in the next generation. Somatic mutation is suspected to be involved in crop autogamy depression (cultivar degeneration) (Scofield, 2014) . Somagenetic variation, not only the classical mutations but also the variation in repetitive sequence and nuclearorganelle interaction, is likely one of the commonly suspected causes of cultivar degeneration and therefore the gradual reduction in the human-preferred performance of cultivars. Environmentally induced SGV may not always improve the commercial value of crop cultivars, because the ability to survive in the environment is sometimes not in the same direction as commercially harvested value. For example, for cereals such as maize, breeders select large grains, maximized yield, and relatively short dormancy, whereas natural selection may prefer small grains, low yield, and long dormancy. Commercial production has certain levels of tolerance to SGV and trait variation, as long as the cultivar still has acceptable performance.
A propagation method can be used as long as the method for the cultivar has been selected through breeding and as long as the propagated plants still show acceptable performance in terms of yield or quality, although in vitro dedifferentiation and regeneration should be minimized or avoided for genotype resource maintenance due to the issue of somaclonal variation. In vitro cell culture holds great promise for rapidly propagating plants. For example, somatic embryos can be produced in bio-reactors on a large scale and be directly planted in potting mix as seeds if the somatic embryos are sufficiently developed and are appropriately encapsulated (Li, 1990 ). In the current system of potato production, potato clones are maintained in vitro as cuttings on a hormone-free medium or on a medium with a minimal amount of auxins, without the step of regeneration from calli. Microtubers are also widely used in potato propagation and botanical study (Donnelly et al., 2003; Nassar et al., 2008) . These two approaches avoid the use of dedifferentiation and regeneration and therefore can effectively avoid most somaclonal variation as long as the propagule culture is not under rare stresses.
For vegetatively propagated crops, such as potato, SGV can be transferred to the new plants if the variation occurs in tuber buds or in the plantlets cultured in vitro. Chromosome doubling of diploid potato clones can effectively increase tuber size . The most widely used potato cultivar, 'Russet Burbank', is confirmed by DNA analysis to be a mutant of 'Burbank' (Bethke et al., 2014) , demonstrating that using SGV can be an effective approach in potato breeding. 'Russet Burbank' was likely a periclinal chimera but, at least in a New Brunswick line, is not presently organized in a periclinal chimeral arrangement (Nassar et al., 2008) , suggesting that ploidy SGV can have a certain instability even though the clone is maintained vegetatively.
Stability in inheritance and the transgenerational effects of various categories of SGV in seed-propagated crops are still far from clear because of the quite thorough reset during sexual reproduction. However, in vegetatively propagated crops such as cuttings for trees or tubers for potato, the developmental reset of somagenetic status is much less thorough, and agricultural performance such as growth characteristics, yield, and quality is selected for reproducibility over vegetative generations when plants are propagated by the same propagation method. Therefore, to minimize "cultivar degeneration" (decline in cultivar performance in terms of yield and quality) resulting from SGV, the vegetative propagules harvested for planting should be collected from plants that were managed under standard farming practices. If possible, the plants used for the production of vegetative propagules ("seed" potatoes), including the plantlet propagation stage, should be managed to avoid unnecessary stresses such as severe drought or salinity, unless the cultivar was selected under these stresses or will have to grow under these stresses.
With regard to crop management, crop rotation is likely an important means of avoiding the selective propagation and accumulation of mutant pathogen strains generated by pathogen gene conversion in monocultures. The use of transgeneration memory, for either SGV or epigenetic variation, may be valuable for training parental plants to enhance stress tolerance or change the tuberization date as long as the plants are still uniform, the yield is still acceptable, and the seeds or propagules do not transfer pathogens to the next generation. Field trials on a case-bycase basis are required prior to the use of training parental plants with biotic or abiotic stresses.
The somatic genome network formed by all the genetic materials in the nonreproductive cell has variations at different levels, including, for example, ploidy variation, stoichiometric variation, copy number variation, and mutation rate variation, as well as extrachromosomal DNA variation of both the nuclear and organelle genomes. Most SGV is programmed and beneficial to plant growth and development and should not be seriously disrupted. Some SGV can increase plant adaptation, which sometimes runs contrary to crop yield or quality objectives and therefore can cause cultivar degeneration in terms of agronomic performance. For cultivar performance stability, cultivar propagation should use the regular methods (e.g., sexual reproduction or vegetative propagation) that breeders used to generate seeds or propagules for cultivar trials. Past and Li current research is focused mainly on profiling SGV during development and under different environmental conditions. More research should be devoted to determining the natural laws governing the inheritance and optimization of SGV and therefore to developing suitable strategies for the use of SGV. One somatic breeding approach is to selectively improve certain aspects of an existing cultivar by using SGV while still maintaining the general genotype of the cultivar. After learning more about SGV, it may be possible to develop field-or greenhouse-growing or storage methods to improve crop yield and quality through the regulation of SGV before planting or during plant growth.
The somatic genome or the body's DNA of living organisms is not immune to changes and sometimes even requires having variations in order to support cell differentiation and individual development. The most investigated SGVs include DNA transposition, gene mutation, ploidy changes, DNA copy number variation, horizontal DNA transfer, and DNA rearrangement of genomes. The SGV list in this article is by no means to be complete. Further research will surely illustrate additional SGVs or underlying mechanisms. For example, the great increase of genome size during the increase of life complexity on earth (Li and Du, 2014b ) and the occurrence of novel sequences in plants have also raised the possibility of certain contributions from non-templated DNA synthesis (or nontemplated RNA synthesis) during evolution. Thanks to SGV research, we now view the genome very differently from the classical concept of the term, can appreciate the role of SGV in crop performance, and have developed somatic breeding approaches for plant improvement. Plastid transcription activity and DNA copy number
